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DATA COMMUNICATION APPARATUS AND 
METHOD FOR DATA COMMUNICATION 

BACKGROUND OF THE INVENTION 
5 The present invention relates to data communication apparatus for data 

communication via cables and methods for the data communication. 

Known data communication apparatus will be described using a serial interface 
based on IEEE Std 1394a-2000 for carrying out communication using a differential signal 
FIGS. 8A and 8B respectively show known data communication apparatus 200 and 
10 connection configurations thereof 

In FIG. 8A, the data communication apparatus 200 is constituted by a first 
communication circuit 201, a second communication circuit 202 and a control circuit 203. 
The first communication circuit 201 is coupled to the second communication circuit 202 of 
the data communication apparatus 200 at the other end of the communication via a cable 
15 210, thereby carrying out data communication. 

FIG. 8B shows respective configurations of the first communication circuit 201 and 
the second communication circuit 202. The first communication circuit 201 includes: a 
common-mode-potential setting circuit 220 for setting a common-mode potential of a 
differential signal for use in data communication; a driver circuit 221 for transmitting data; 
20 and a receiver circuit 222 for receiving data. The second communication circuit 202 
includes: a common-potential detecting circuit 223 for detecting the common potential; a 
driver circuit 224; and a receiver circuit 225. 

Now, it will be described how the data communication apparatus 200 operates. 
First, when the first communication circuit 201 is ready for communication, the 
25 common-mode-potential setting circuit 220 outputs a common-mode potential of a 
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differential signal. This common-mode potential is detected by the common-mode- 
potential detecting circuit 223 of the second communication circuit 202, thereby initiating 
communication. Data transmitted from the driver circuit 221 of the first communication 
circuit 201 is received by the receiver circuit 225 of the second communication circuit 202, 

5 whereas data transmitted from the driver circuit 224 of the second communication circuit 
202 is received by the receiver 222 of the first communication circuit 201. In this manner, 
bidirectional communication can be performed. 

In the data communication apparatus 200, when application of a power supply 
voltage Vcc to the first communication circuit 201 is stopped, the functions of the driver 

10 circuit 221 and the receiver circuit 222 in the first communication circuit 201 stop, but the 
second communication circuit 202 continues transmission and reception, resulting in a 
malfunction occurring in the second communication circuit 202. The control circuit 203 in 
the data communication apparatus 200 detects this malfunction, thereby stopping 
communication between two pieces of communication apparatus 200 and 200. In the case 

15 where power supply to the second communication circuit 202 is stopped, the same 
operation as described above is performed. Such a technique is disclosed in Japanese 
Laid-Open Publication No. 2-128533, for example. 

However, the known data communication apparatus 200 has a drawback because of 
the following configuration. In a period between a stop of power supply to one of the two 

20 pieces of data communication apparatus 200 and a stop of the communication, the second 
communication circuit 202 of the other piece of data communication apparatus 200 
continues transmission and reception, and a malfunction occurs. Then, the stop of power 
supply is detected by detection of this malfunction. Therefore, in the known data 
communication apparatus 200, a malfunction in communication always occurs. 

25 If the power supply to the control circuit 203 is stopped at the same time as a stop 



2 



of power supply to the data communication apparatus 200, there arises a problem that it is 
difficult to detect a malfunction with the control circuit 203. 

SUMMARY OF THE INVENTION 
5 It is therefore an object of the present invention to provide a data communication 

apparatus which detects a stop of power supply without fail when power supply is stopped 
and which stops communication to the associated communication apparatus, without 
causing a malfunction. 

In order to achieve this object, according to the present invention, a drop in a power 
10 supply voltage supplied is detected, thereby immediately detecting a stop of power supply 
before a malfunction occurs. 

Specifically, the inventive data communication apparatus is used for data 
communication via cables, and the apparatus is characterized by including: a drop 
detecting circuit for detecting a drop in a power supply voltage supplied to the data 
15 communication apparatus; and a stop signal outputting circuit for outputting a 
communication stop signal via the cable, in response to a drop detection signal output from 
the drop detecting circuit. 

The inventive data communication apparatus is characterized in that when the drop 
detecting circuit detects a drop in the power supply voltage, a communication circuit 
20 embedded in the data communication apparatus for data communication stops the function 
of the communication circuit in response to the drop detection signal output from the 
voltage-drop detecting circuit. 

The inventive data communication apparatus is characterized by including a 
common-mode-potential setting circuit for setting a common-mode potential of a 
25 differential signal at the cables, wherein the stop signal outputting circuit decreases the 
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common-mode potential set by the common-mode-potential setting circuit to a ground 
potential, thereby outputting a communication stop signal. 

The inventive data communication apparatus is characterized in that the drop 
detecting circuit includes: a voltage converting circuit having an outputting voltage which 
5 varies depending on a drop in the power supply voltage; and a comparator for comparing a 
voltage variation signal output from the voltage converting circuit with a predetermined 
constant voltage value. 

The inventive data communication apparatus is characterized in that the voltage 
converting circuit includes: a load circuit having a load resistance which varies depending 
10 on variation in the power supply voltage; and at least one resistance connected to the load 
circuit in series. 

The inventive data communication apparatus is characterized in that the comparator 
includes: a differential amplifier for receiving the voltage variation signal output from the 
voltage converting circuit and a predetermined constant voltage value signal; and an 
15 inverter for receiving an output from the differential amplifier and inverting the output, and 
the inverter includes: a p-type transistor for receiving the output from the differential 
amplifier; and a resistance connected to the p-type transistor in series and having a high 
resistance value. 

An inventive data communication method is a method for data communication via 
20 cables, and the method is characterized by including the steps of: detecting a drop in a 
power supply voltage applied, thereby detecting a stop of the application of the power 
supply voltage; and decreasing a potential at the cables when detecting the stop of the 
application of the power supply voltage, thereby outputting a communication stop signal. 

As described above, according to the present invention, in stopping application of a 
25 power supply voltage to a data communication apparatus, when detecting a drop in the 



power supply voltage, the drop detecting circuit determines the voltage drop as a stop of 
application of the power supply voltage, so that a stop signal outputting circuit outputs a 
communication stop signal. Accordingly, it is possible to immediately detect a stop of 
application of a power supply voltage at an early stage before a malfunction occurs in the 

5 data communication apparatus, as compared to the case where a stop of application of a 
power supply voltage is not determined until a malfunction is detected as in the known 
data communication apparatus. 

In addition, detection of a drop in a power supply voltage and output of a 
communication stop signal are performed while the power supply voltage is dropping. 

10 Accordingly, the data communication apparatus can operate utilizing the dropping power 
supply voltage without requiring any additional power source for the drop detecting circuit 
and the stop signal outputting circuit. 



BRIEF DESCRIPTION OF THE DRAWINGS 
15 FIG. 1 is a diagram showing configurations of data communication apparatus 

according to an embodiment of the present invention and a configuration in which the two 
pieces of data communication apparatus are coupled via cables. 

FIG. 2 is a diagram showing configurations of a power-supply-voltage-drop 
detecting circuit and a stop signal outputting circuit. 
20 FIG. 3 is a diagram showing inner configurations of the power-supply-voltage-drop 

detecting circuit and the stop signal outputting circuit in detail. 

FIG. 4 is graphs for describing how the power-supply-voltage-drop detecting 
circuit operates. 

FIG. 5 is a diagram showing a modified example of an inner configuration of a 
25 voltage converting circuit provided in the power-supply-voltage-drop detecting circuit. 
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FIG. 6 is graphs for describing how the voltage converting circuit shown in FIG. 3 
and the voltage converting circuit shown in FIG. 5 operate with a comparison between 
these circuits. 

FIG. 7 is a diagram showing an example of a configuration of a communication 
5 network. 

FIG. 8A is a diagram showing a whole configuration of a known data 
communication apparatus and FIG. 8B is a diagram showing a specific configuration of a 
main portion of the data communication apparatus. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

EMBODIMENT 1 

Hereinafter, an embodiment of the present invention will be described with 
reference to the drawings. 

FIG. 1 is a diagram showing configurations of data communication apparatus 100 
15 based on IEEE Std 1394a-2000, and a connection between the two pieces of data 
communication apparatus 100 and 100. 

In FIG. 1, the data communication apparatus 100 includes: a first communication 
circuit 101; a second communication circuit 102; and a control circuit 103. 

The first communication circuit 101 is coupled to the second communication circuit 
20 102 at the other end of the communication via cables 103 and 104. The first 
communication circuit 101 includes: a current source 110; a connection detecting circuit 
111 for detecting connection with the other end of the communication via the cables 103 
and 104; a common-mode-potential setting circuit 112 for setting a common potential of a 
differential signal; a driver circuit 113 for transmitting data with a differential output; a 
25 receiver circuit 114 for receiving differential output data; an arbitration circuit 115 for use 
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in securing a bus to which data is to be transmitted; and a communication speed detecting 
circuit 116 for detecting a communication speed specified by the other end of the 
communication. 

As a feature of the present invention, the first communication circuit 101 further 

5 includes: a power-supply-voltage-drop detecting circuit 117: and a stop signal outputting 
circuit 118. The power-supply- voltage-drop detecting circuit 117 detects a drop in a power 
supply voltage Vcc applied to the data communication apparatus 100 in which the power- 
supply-voltage-drop detecting circuit 117 is provided, thereby detecting a stop of 
application of the power supply voltage Vcc to the apparatus. Upon receiving a drop 

10 detection signal from the power-supply-voltage-drop detecting circuit 117, the stop signal 
outputting circuit 118 notifies the data communication apparatus 100 at the other end of the 
communication of the communication stop signal indicating a stop of the communication. 
Inner configurations of these circuits 117 and 118 will be described later. 

The second communication circuit 102 includes: a communication speed notifying 

15 circuit 120 for notifying the other end of the communication of a communication speed; a 
driver circuit 121 for transmitting a data signal; a receiver circuit 122 for receiving a data 
signal; an arbitration circuit 123 for use in securing a bus to which data is to be 
transmitted; and a common-mode-potential detecting circuit 124 for detecting whether or 
not a common-mode potential of a differential signal from the other end of the 

20 communication is set. 

Resistances 130 and 131 for terminating a differential signal at a common-mode 
potential and a capacitance 132 for stabilizing the common-mode potential are provided 
between the first communication circuit 101 and the cable 103 or 104. Resistances 133 
and 134 for terminating a differential signal at a common-mode potential, a resistance 135 

25 for terminating the common-mode potential at a ground potential, and a capacitance 136 
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for stabilizing the common-mode potential are provided between the second 
communication circuit 102 and the cable 103 or 104. 

Hereinafter, basic operation of the data communication apparatus 100 thus 
configured according to this embodiment will be described. 
5 First, when data communication apparatus 100 is coupled to the other end of the 

communication via the cables 103 and 104, current from the current source 110 flows 
through the resistances 130, 133 and 135 and also flows through the resistances 131, 134 
and 135. In this manner, the connection detecting circuit 111 detects connection with the 
other end of the communication. Then, when preparations for the communication is made, 

10 the common-mode-potential setting circuit 112 sets the common-mode potential, and the 
common-mode-potential detecting circuit 124 at the other end of the communication 
detects the setting. Thereafter, communication with a differential signal is initiated. In this 
communication, a bus is secured using the arbitration circuit 115 and the communication 
speed detecting circuit 123. The communication speed detection circuit 116 is notified of 

15 the setting of a communication speed from the communication speed notifying circuit 120. 
Data communication is carried out between the driver circuit 113 and the receiver circuit 
122 and between the driver circuit 121 and the receiver circuit 114. 

Next, FIG. 2 shows an internal configuration of the power-supply-voltage-drop 
detecting circuit 117 and the stop signal outputting circuit 118. 

20 In FIG. 2, the power-supply-voltage-drop detecting circuit 117 includes: a voltage 

converting circuit 140; a voltage source 141; and a comparator 142. The voltage 
converting circuit 140 exhibits a characteristic of having an output voltage which decreases 
as the power supply voltage Vcc drops. The voltage source 141 outputs a constant voltage, 
irrespective of the drop in the power supply voltage Vcc. The comparator 142 makes a 

25 comparison between the output voltage of the voltage converting circuit 140 and the output 



voltage of the voltage source 141, thereby outputting a signal at an L-level if the output 
voltage of the voltage converting circuit 140 is higher than that of the voltage source 141, 
while outputting a signal at an H-level if the output voltage of the voltage converting 
circuit 140 is lower than that of the voltage source 141. If the output of the comparator 

5 142 based on the voltage converting circuit 140 is at the H-level, a drop in the power 
supply voltage Vcc is detected, and a stop of application of the power supply voltage Vcc 
is detected, then the stop signal outputting circuit 118 forces the cables 103 and 104 to be 
grounded and decreases the common-mode potential set by the common-mode-potential 
setting circuit 112 to the ground potential, thereby outputting a communication stop signal. 

10 Accordingly, in stopping the application of the power source voltage Vcc to the 

data communication apparatus 100 at the left side in FIG. 1, for example, the power supply 
voltage Vcc in this data communication apparatus 100 gradually drops, and the output 
voltage of the voltage converting circuit 140 monotonously decreases in accordance with 
this voltage drop. When the output voltage is lower than the constant voltage of the 

15 voltage source 141, the comparator 142 outputs an output signal at the H-level, thereby 
detecting a stop of application of the power supply voltage Vcc. Upon receiving the H- 
level signal from the comparator 142, the stop signal outputting circuit 118 decreases the 
common-mode potential at the cables 103 and 104 to a ground potential, so that the data 
communication apparatus 100 to which the application of the power supply voltage Vcc 

20 stops notifies the other end of the communication that no data communication can be 
carried out. Accordingly, the common-mode-potential detecting circuit 124 at the other 
end of the communication detects that the common-mode potential is decreased to the 
ground potential to recognize that no communication is carried out in the current state. 

In decreasing the common-mode potential at the cables 103 and 104 to the ground 

25 potential, each of the common-mode-potential setting circuit (communication circuit) 112 
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and the driver circuit (communication circuit) 113, for example, receives a drop detection 
signal from the power-supply-voltage-drop detecting circuit 117, and stops the functions 
thereof This is because of the purpose of not having the circuits 112 and 113, for 
example, inhibit the decrease of the common-mode potential to the ground potential. 
5 In stopping the application of the power supply voltage Vcc to the data 

communication apparatus 100, in order to decrease the common-mode potential at the 
cables 103 and 104 to the ground potential and thereby output a communication stop 
signal, it is sufficient that only the power-supply-voltage-drop detecting circuit 117 and the 
stop signal outputting circuit 118 are operable. That is to say, in decreasing the power 

10 supply voltage Vcc, power supply is unnecessary and no problem arises even if the other 
circuits are inoperable so long as these circuits 117 and 118 are operable until the 
communication stop signal is output. 

Next, FIG. 3 shows specific internal configurations of the power-supply-voltage- 
drop detecting circuit 117 and the stop signal outputting circuit 118. In FIG. 3, in the 

15 power-supply-voltage-drop detecting circuit 117, the voltage converting circuit 140 is 
constituted by two resistances 150 and 151 connected in series. The comparator 142 is 
constituted by a differential amplifier 152 and an inverter I. If the output voltage of the 
voltage converting circuit 140 is higher than that of the voltage source 141, the differential 
amplifier 152 outputs a High signal, while outputting a Low signal if the output voltage of 

20 the voltage converting circuit 140 is lower than that of the voltage source 141. The 
inverter I is constituted by serially connected circuits, i.e., a p-type MOS transistor 153 
receiving an output from the differential amplifier 152 at its gate and a resistance 154 
having a high resistance value. The serially connected circuits are placed between the 
power supply voltage Vcc and the ground. A connecting point between the PMOS 

25 transistor 153 and the resistance 154 in the inverter 1 is output to the stop signal outputting 



10 



circuit 118 as an output node of the comparator 142. The stop signal outputting circuit 118 
is constituted by an n-type MOS transistor 155 whose gate is connected to the output node 
of the comparator 142, whose source is grounded and whose drain is connected to the 
cables 103 and 104 in common. 
5 Accordingly, the power-supply-voltage-drop detecting circuit 117 has two output 

voltages of High and Low. More specifically, the power-supply-voltage-drop detecting 
circuit 117 outputs a High signal when detecting a drop in the power supply voltage Vcc, 
while outputting a Low signal when detecting the succession of application of the power 
supply voltage Vcc. Upon receiving the High signal in detecting the drop in the power 
10 supply voltage Vcc, the NMOS transistor 155 decreases the common-mode potential to the 
ground potential. 

FIG. 4 shows shifts of potentials indicating how the power-supply-voltage-drop 
detecting circuit 117 and the stop signal outputting circuit 118 operate. In FIG. 4, 
reference character C denotes a constant output voltage of the voltage source 141. Before 

15 the application of the power supply voltage Vcc is stopped, the output voltage of the 
voltage converting circuit 140 is higher than the output voltage C of the voltage source 
141, and thus the output signal of the comparator 142 is at the Low level. Accordingly, the 
NMOS transistor 155 is in an OFF state, and the potential is not decreased to the ground 
potential. When the application of the power supply voltage Vcc is stopped and the power 

20 supply voltage Vcc drops, the magnitude relationship in output voltage between the 
voltage converting circuit 140 and the voltage source 141 is reversed so that the output of 
the comparator 142 comes to the High level. Accordingly, the NMOS transistor 155 turns 
ON, so that the common-mode potential at the cables 103 and 104 is decreased to the 
ground potential. 

25 In this case, the inverter I constituted by the PMOS transistor 153 and the 
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resistance 154 having a high resistance value is provided in the comparator 142 because of 
the following reasons. If the power supply voltage Vcc drops greatly due to a stop of the 
power supply, the voltage source 141 and the differential amplifier 152, for example, do 
not operate normally, so that the output of the differential amplifier 152 might be in a High 
5 state though this output should be at a Low level. Even in such a case, the resistance 154 
with a high resistance value delays a drop in the output voltage of the comparator 142 from 
the H level to the L level, so that the NMOS transistor 155 is kept in the ON state for a 
long period, thereby keeping the decreased common-mode potential at the ground potential 
for a longer period. 

10 In the stop signal outputting circuit 118, a capacitance may be provided between 

the node of the gate of the NMOS transistor 155 and the ground or the power source as a 
measure against the noise in the power supply voltage Vcc. However, the gate capacitance 
of the NMOS transistor 155 is made large because the common-mode potential needs to be 
decreased to the ground potential for a short period in this circuit. Accordingly, the gate 

15 capacitance can also serve as the capacitance described above. 

The High state of the output of the comparator 142 in FIG. 4 is shown as a constant 
voltage in order to facilitate understanding. However, in actual operation, the output of the 
comparator 142 decreases as the power supply voltage Vcc drops. This is also applicable 
to the following description of the High state. In this embodiment, it has been assumed 

20 that the voltage source 141 outputs the constant voltage C and the output voltage of the 
voltage converting circuit 140 monotonously decreases in accordance with the drop in the 
power supply voltage Vcc. However, the present invention is not limited to this 
embodiment in the case where the power supply voltage Vcc drops greatly. 

25 (Modified example of voltage converting circuit provided in power-supply-voltage-drop 
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detecting circuit) 

FIG. 5 shows a modified example of a voltage converting circuit provided in the 
power-supply-voltage-drop detecting circuit 117. 

A voltage converting circuit 140' shown in FIG. 5 is constituted by serially 
5 connected circuits, i.e., a p-type MOS transistor 160 and two resistances 161 and 162. The 
PMOS transistor 160 is used as a load resistance which depends on the power supply 
voltage Vcc. The voltage converting circuit 140' is provided in consideration of the case 
where the voltage source 141 does not operate normally due to a drop in the power source 
voltage Vcc so that the output voltage of the voltage source 141, which should be a 
10 constant value C, decreases. 

FIG. 6 is a diagram showing potential shifts with a comparison between operations 
of the voltage converting circuit 140' and the voltage converting circuit 140 shown in FIG. 
3. A drop detection signal A represents an output signal from the power-supply-voltage- 
drop detecting circuit 117 with the voltage converting circuit 140, and a drop detection 
15 signal B represents an output signal from the power-supply-voltage-drop detecting circuit 
117 with the voltage converting circuit 140'. As shown in FIG. 6, the usage of the voltage 
converting circuit 140' allows the drop detection signal (High signal) to be output for a 
longer period. The voltage converting circuit 140' can be readily implemented by 
combining some components out of a resistor, a transistor, a diode and a current source. 
20 FIG. 7 shows an example of a network configuration for carrying out 

communication based on IEEE Std 1394a-2000. 

In FIG. 7, reference numerals 170 through 176 denote PORTs of a serial interface 
based on IEEE Std 1394a-2000 embedded in electronic equipment including data 
communication apparatus according to the present invention. These PORTs 170 through 
25 176 are connected to one another via cables 180 through 185. The cables based on IEEE 
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Std 1394a-2000 are provided with a power source line, so that the PORT 175 having no 
source of a power supply voltage is supplied with power from the neighboring PORT 173 
via the cable 184. 

With respect to the network thus configured, operation when the application of the 
5 power supply voltage Vcc is stopped will be described. 

For example, in the case where the application of the power supply voltage Vcc to 
the PORT 171 is stopped, the PORTs 170 and 173 are notified of a stop of communication 
via the cables 180 and 181, so that communication between the PORTs 170 and 171 and 
communication between the PORTs 171 and 173 are stopped. 

10 Alternatively, in the case where the application of the power supply voltage Vcc to, 

for example, the PORT 173 is stopped, the power supply voltage Vcc at the port 175 
supplied with the power supply voltage Vcc from the PORT 173 drops, so that the PORTs 
173 and 175 output communication stop signals. In this manner, communication between 
the PORTs 171 and 173, communication between the PORTs 172 and 173, communication 

15 between the PORTs 173 and 174, communication between the PORTs 173 and 175 and 
communication between the PORTs 175 and 176 are stopped one after another. 

As described above, when the application of the power supply voltage Vcc to, for 
example, the PORT 171 is stopped, the PORT 173 recognizes the stop of the application. 
On the other hand, when the application of the power supply voltage Vcc to the PORT 173 

20 is stopped, the PORT 171 recognizes the stop of the application. That is to say, 
communication stop signals can be transmitted bilaterally. In addition, every data 
communication apparatus connected to data communication apparatus to which the 
application of a power supply voltage Vcc is stopped can stop communication of itself by 
recognizing a stop of communication in another piece of communication apparatus. Of 

25 course, such operation can be performed in the case where power supplies to a plurality of 
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pieces of data communication apparatus on the network are stopped at the same time. 

In the data communication apparatus 100 described above, only the power-supply- 
voltage-drop detecting circuit 117 and the stop signal outputting circuit 118 are added 
except for the functions specified in IEEE Std 1394a-2000, and the conventional common- 
5 mode-potential detecting circuit 124 is used to receive a communication stop signal. 
Accordingly, even if the other end of the communication is provided with none of the 
power-supply-voltage-drop detecting circuit 117 and stop signal outputting circuit 118, a 
communication stop signal can be transmitted to the other end of the communication so 
long as the data communication apparatus is based on IEEE Std 1394a-2000. 
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